Abstract
Introduction
Many types of particle size classifiers have been developed for the industrial market, but there is no submicron-cut sizer in practical use except impactors. However, the impactor has practical problems involving very low throughput and high energy consumption.
Our modified cyclone type can classify dry powders of submicron cut size with both large throughput and low energy consumption. The classification performance has been much improved with the use of a blow-down system, which sucks part of the gas flow from the cyclone dust catcher box_ll,Z),3l
Experimental results are given under several conditions in this report.
Experimental Apparatus and Operating Procedure
Fig. 1 represents our typical cyclone which has an outer diameter of 70 mm¢, and Fig. 2 is skematic diagram of an experimental set-up.
The two-stage cyclone system (Type II) has been tested in order to obtain improved performances 2-7, Tanakasekiden-cho, Sakyo-ku, Kyoto, 606, Japan ** 5-3-1 Tsurugaoka, Ohi-machi, Iruma-gun, Saitama-ken 354, Japan *** 1455 Nishioka, Uozumi-cho, Akashi, 674, Japan KONA No.ll (1993) with the blow-down flow of the 1st cyclone. The one stage cyclone system is called Type I.
The experimental procedure is as follows:
The cyclone inlet flow rate is kept constant, and a test powder is fed into the cyclone inlet pipe at a constant rate. The ratio of the blow down flow rate to the inlet flow rate is maintained constant. The test powder is almost completely dispersed upstream the cyclone inlet by means of an air jet disperser. Downstream the cyclone classifier, coarse classified powder is collected into the cyclone· dust box, fine powder is also collected on a paper filter, and blowdown powder is collected on another filter.
The collected yield TJ of the fine powder is calculated using the following equation (1) where W c is the mass of the coarse powder collected at the cyclone, W 8 is the mass of the blow-down powder at the blow-down filter, and WF is the mass of the fine powder at the main filter. In the case of a 2 stage cyclone system, W c is the combined mass caught by both cyclones.
The partial separation efficiency !::,. TJ is also calculated using equation (2) , considering both the collected mass fraction and the measured particle size distribution of each collected powder. The mass and size distribution of the feed powder are calculated based on the sum of each collected mass and their mass fraction (ratio), and not directly from the feed powder. (1) (2) where '' /:::, . '' represents the incremental mass of collected powders for every small corresponding size range. 224 The classification performance is also evaluated using the following equations (3) and (4) as the sharpness indexes.
(3) (4) where Dpx represents the particle size at the partial separation efficiency /:::, . 11 = x%.
The particle size distributions are measured mainly by a laser diffraction type (Maicrotrac SPA), and occasionally by a X-ray sedimentation type (Sedigraph 5000).
The test powders include two types of Calcium Carbonate QIS-Z 890l•No. 17, and #2000), KantoLoam (JIS-Z8901•No. 11) and Alumina (#8000).
Experimental Results and Comments
The effects of the blow-down flow rate of the partial separation efficiencies of the two stage cyclone system are remarkable as shown in both Fig. 3 and Fig. 4 . However, the yield of fine powder decreases with the increase in blow-down follow rate. 6 represents the difference between the particle size distributions obtained with the 2 stage cyclone system (Type II) and with the single cyclone system (Type 1). The inlet velocities are kept at 20 m/s for Type II and 30 m/s for Type I, in order to obtain almost similar pressure losses in these two cyclone systems. The 2 stage type produces smaller particle size of the fine powder, with a nearly similar yield. However, the inlet air flow rate of the 2 stage is about 2/3 the flow rate of the single stage in this experiment, therefore the 2 stage energy consumption is also about 2/3 that of the single stage. If the powder concentration of both inlet flows is the same, the powder throughput of the 2 stage is again about 2/3 of the single stage throughput. In these experiments the powder concentration is fairly low (about 20 g/m 3 ), and can be increased up to 100 g/m 3 , based on our past experiences. Fig. 7 gives similar results for the 2 stage system, and shows a better performance compared to the single stage of Fig. 5.  Fig. 8 represents the classification efficiency difference obtained by two types of measuring instruments of particle size distributions for an experiment. The X-ray sedimentation method (Sedigraph) gives usually narrow distributions and better classification results compared to the laser diffraction method (Microtrac). Therefore, these performance evaluations should be done using similar types of instruments for particle size characterizations. Fig. 9 represents the effect of a bottom cone at the inlet of the cyclone dust chamber or at the bottom of the cyclone body. It is desirable for a cyclone to be equipped with a bottom cone in order to prevent reentrainment of the collected fine powder. Table 1 gives the entire experimental results including the fine powder yield and the classification sharpness indexes.
Incidentally, the partial separation efficiencies /::,. ' YJ involving the blow down flow decrease to zero, instead of the blow down flow rate ratio. The latter case has been obtained in many experimental condi tions of wet type cyclones. The reason for this is not clear, but might be due to strong flow turbulence and reentrainment of fine powder at the cyclone bottom.
Conclusion
The experimental results of a sub-micron particle size classification by a modified blow-down cyclone are as follows: (1) The effects of blow-down flow from a cyclone dust chamber are remarkable, and its performance is as good as that of forced vortex type classifiers for a few micrometers cut size. However, the yield of fine powders drops lower than that with the original type, and a small amount of over one micrometer size particles still remains in the classified fine powder. (2) The effect of blow-down flow is larger at higher inlet velocity than at lower velocity. This may be due to the use of the blow-down flow to prevent reentrainment of coarse particles in a cyclone. 
